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Motohide Takechi, "'Iho Dodensei Film Ni Yoru Flip Chip 
Jisso Gijutsu,'' Denshi Zairyo, 2001 Gatsufo Bessatsu, pp. 
130-133 

5 Part 5. FLIP CHIPS 

FLIP CHIP PACKAGING TECHNOLOGY USING ANISOTROPIC 
CONDUCTIVE FILM 

MOTOHIDE TAKE I CHI 
10 * Group Leader, Second Development Group, Technology- 
Section, IT Device Division, Sony Chemicals corporation 
12-3, Satsuki-cho, Kanuma-shi, Tochigi 322-8502 
TEL 0289-76-0216 

15 In recent years, bonding methods such as ACF and ACP 

methods and NCF and NCP methods have received attention as 
a technique for solving problems in the flip chip 
packaging technology for bare chips . These bonding 
methods attract particular attention in terms of lead free 

2 0 bonding and cost reduction. Our company is engaged in 
development of ACFs for bare chip boding to improve the 
bonding reliability and to meet the required specs. 
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In recent years, electronic devices, mainly 
information terminal devices, have been markedly reduced 
in size and increased in functionality. The core 



technology that supports the progress is high density 
packaging, which is a combination of various elemental 
technologies such as fine wiring technology in substrate 
manufacturing, multilevel interconnection technology 
including build-up technology, pattern design technology, 
progress in mounting devices, and miniaturization 
technology for components. These technologies continue to 
progress . 

IC chips require relatively large mounting areas on 
mounting boards, and an effective way to reduce the size 
of the boards is to reduce the size of the IC chips. In 
view of this, instead of using molded ICs mounted on lead 
frames, various methods have been proposed for directly 
mounting a bare chip on a substrate, and such methods have 
been practically used. Initially, a method was used in 
which a bare chip was bonded face -up to a substrate and 
the terminals of the IC chip were connected to the 
terminals of the substrate by wire bonding. However, to 
support ICS with further reduced size and increased speed, 
flip chip bonding is being investigated actively. 

Specific examples of such a bonding method include 
metallic bonding using solder, bonding using silver paste, 
and Au-Au bonding using ultrasonic wave. A commonality 
among these bonding methods is that an underfill must be 
used to relax and disperse the stress that is caused by 
the mismatch in the expansion coefficient between the chip 
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and substrate and is concentrated on the bonding points . 
Moreover, these methods also have a problem that a 
reduction in pitch and the usable size of chips are 
limited. As another promising bonding method, a method 
5 has attracted attention, in which electrical connection is 
established only by compression bonding through a bonding 
film containing conductive particles (ACF, Anisotropic 
Conductive film) , a bonding paste containing conductive 
particles (ACP, Anisotropic Conductive Paste) , or an NCF 
10 or NCP (non- Conductive Film/Paste) containing no 

conductive particles (hereinafter this method is referred 
to as a compression bonding method) . With such a method, 
the problems in the flip chip packaging technology method 
can be solved even when the pitch of bare chips is further 
15 reduced. In addition, the method is a promising lead free 
bonding method that has received global attention. To 
reduce cost, many users have started exploring the use of 
the compression bonding method in place of the 
conventional methods . 
2 0 Based on accumulated experience in the field of LCDs, 

our company is engaged in development of ACFs for bare 
chip bonding to improve the bonding reliability and to 
meet the required specs and has already developed many 
products . 
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ACF for Flip Chip Packaging 



1. Bonding Principle of ACF 

The bonding principle of an ACF is shown in Fig. 1. 



5 The ACF is produced by dispersing conductive particles in 
a film-like adhesive and is placed between a chip and a 
substrate that are to be electrically connected to each 
other. After alignment, heat and pressure are applied to 
cure the adhesive component, so that the chip and 

10 substrate are electrically connected. The main feature of 
ACFs is that during the application of heat and pressure, 
the conductive particles are sandwiched between the 
connection points which are the lands on the substrate 
side and the bumps. Generally, elastically deformable Ni- 

15 Au plated plastic balls having a diameter of 3 to 5 |Lim are 
used as the conductive particles. The use of such 
conductive particles increases the pressure margin during 
bonding for height variations of the bumps or the 




Fig.l 



Bowclivvg Principle of ACF 
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coplanarity of the substrate and allows the bonding 
reliability to be maintained even when small deformation 
occurs due to stress generated during various reliability 
tests. Fig. 2 shows the data for reliability obtained by 
5 TCT for films produced during the development of ACFs 

performed at our company. The figure shows the influence 
of the presence or absence of conductive particles . As 
can be seen, the number of cycles until open failure 
occurs is approximately 1.8 times longer in the ACFs 

10 containing the conductive particles. Fig. 3 shows the 
measurement results of reliability at 85''C/RH85% for 
conductive particles with different diameters. The 
resistance immediately after bonding was good irrespective 
of the particle diameter and the presence or absence of 

15 the conductive particles. However, for the NCP, the 

maximum value and average value of the resistance were 
found to increase after 1,000 hours of aging. Moreover, 
the larger the particle diameter, the more stable the 
resistance. These results show that the presence of the 

2 0 conductive particles increases the pressure margin during 
bonding and greatly affects the reliability. 
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2 . Particles with Insulating Coating 

Generally, in flip chip bonding, the bumps of a bare 
chip are connected to the traces on a substrate, and the 
bonding area is smaller than that of ITO-TCP bonding that 
has conventionally been used in the LCD industry. 
Therefore, a large number of conductive particles must be 
added to ACFs . However, short circuits between bumps may 
occur when the amount of the conductive particles is too 
large. To solve this problem, individual conductive 
particles are coated with an insulating material^^ . The 
effects of coating were measured using conductive 
particles with insulating coating and without insulating 
coating. Specifically, two types of conductive particles 
with different diameters were used, and the amount of the 
conductive particles was changed. The rate of occurrence 
of short circuits after bonding was measured using a chip 
with a bump spacing of 15 |j.m. Fig. 4 shows the measured 
data. For the particles without insulating coating, short 
circuits occurred when the density exceeded 500,000 
particles/mm^. However, for the 5 |Lim diameter particles 
with insulating coating, short circuits were not found 
until the density exceeded about 2,000,000 particles/mm^. 
For the 3.5 |uim diameter particles with insulating coating, 
short circuits were not found when the density was 
7,000,000 particles/mm^ or less. These results show that 
particles with insulating coating must be used for fine 
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3. Resistance of Conductive Particles 

The resistance of a single conductive particle is 
very difficult to measure, and it has been reported that 
the resistance of a single conductive particle is several 

. However, actual measurement by a four-probe method 
using a chip showed that the resistance obtained through 
several particles is about 10 mQ, which is different from 
the reported value. Therefore, a virtual cross -sectional 
area of the plated portion of conductive particles was 
determined from the volume of the plated portion and the 
separation distance between the conductive particles after 
bonding, and the resistance of the spherical particles was 
determined from the specific resistances of Ni and Au. 
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Then, simulations were performed to determine how the 
resistance changes with the amount of deformation of the 
particles during compression bonding. The simulation 
results are shown in Fig. 5. The amount of deformation of 
5 the particles used is typically 3 0 to 70% (or more in some 
cases) , and the simulation values almost agree with the 
measured values . 
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4 . High frequency characteristics of ACF bonding 

The results of measurement performed at our company 
10 by a TDR method (Time Domain Transforms) and by a TDT 
method (Time Domain Ref lectmeter ) using signals 
corresponding to 10 GHz are shown (in Figs. 6 and 7) . 
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since no significant difference was found between a sample 
of FPC alone and a sample with its intermediate portion 
bonded through an ACF, the bonding through the conductive 
particles may be used up to 10 GHz without any problem. 
Moreover, it has been reported that the bonding through 
conductive particles can be used up to 13 GHz^^ . 
<Measurement conditions > 

Sampling oscilloscope: Tektronix CSA803 5 0 GHz 
Sampling head: SD-24 35ps (corresponding to 10 GHz) 
High frequency head: Tektronix TMP9615 GSGheaad 

ACF for COF (Chip on Film) 
The market for COFs used mainly in LCD modules for 
cellular phones is growing rapidly. This may be due to 
effective use of mounting areas that is required by color 
LCDs with reduced pitch and increased functionality. The 
physical properties of an ACF for COF currently mass 
produced by our company are shown in Table 1, and the 
bonding reliability of the ACF is shown in Fig. 8. 
Table 1 

Physical properties of ACF for COF 
Item 

Elastic modulus (GPa) 
Water absorption* (wt%) 
Characteristic value 
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In most cases, the substrates used for COF have a double 
layer structure without an adhesive, and the bonding 
surface for an ACF is polyimide. The physical properties 
and surface state of polyimide are different depending on 
the manufacturer, the method for manufacturing the 
substrate, or various processing steps in a pattern 
formation process. The ACF for COF is required to exhibit 
good adhesion properties to different types of polyimide 
(see Table 2) . 
Table 2 

Adhesion strengths to FPCs from different manufacturers 
Type of PI 

Product of company A ME method 
Product of company B ME method 
Product of company C CA method 
Product of company D CA method 
9 0 degree peel strength (g/cm) 

ACF for COB (Chip on Board) 
With COFs, the internal stress is relaxed to some 
extent by the deformation of the substrate when the ACF is 
in intimate contact with polyimide, and relatively good 
bonding reliability can be obtained. However, when a 
rigid board is used, hard objects are bonded to each other. 
Therefore, the internal stress caused by the mismatch in 
the linear expansion coefficient is not relaxed and 
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remains, and this results in problems in various 
reliability evaluations. Therefore, to improve the 
reliability of ACF bonding, it is necessary to reduce the 
internal stress generated at the bonding interface and to 
provide a adhesive force sufficient for preventing peeling 
caused by the internal stress. To reduce the stress, two 
methods can be considered. One method is to set the 
linear expansion coefficient of an ACF close to that of a 
substrate (the object to be bonded) . The other method is 
to reduce the elastic modulus to absorb the stress. 
However, the reduction in the elastic modulus facilitates 
deformation under various stresses, and this is not 
preferable when electrical continuity is established by 
compression bonding, as in the case of ACFs . The method 
in which the linear expansion coefficient of the ACF is 
set close to that of the substrate is limited by the 
composition of the adhesion component. Therefore, it is 
important to improve the adhesion properties to the 
substrate while the balance between the physical 
properties of the adhesive is maintained. Table 3 shows 
the physical properties of our ACF for COB that has been 
placed on the market, and Figs. 9(a) and 9(b) show the 
reliability data of the ACF on a glass epoxy substrate. 
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Table 3 Physical properties of ACF for COB 
Item 

Linear expansion coefficient (ppm/°C) 
Elastic modulus (GPa) 

Glass transition temperature CC) 
Water absorption (wt%) 
Characteristic value (wt%) 
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In the future, the increase in the functionality and 
the reduction in size of electronic devices will be 
accelerated. Accordingly, it is expected that the ratio 
of flip chip packaged semiconductor devices will increase 
and that the compression bonding methods will be mainly 
used since they can support reductions in pitch and can 
address environmental problems. Among the compression 
bonding methods, the ACF method has been widely used in 
the market because of the following advantages: 

(1) Wide practical use in the LCD industry; 

(2) Bonding reliability obtained by plated particles 
with an elastically deformable resin core; 

(3) Provision of products with controlled dispersion 
of conductive particles to users; 

(4) The amount used for packaging can be efficiently 
adjusted because of the film shape of the products; and 

(5) The performance as an adhesive can be easily 
controlled because of the film shape of the products. 

To further increase the versatility of the 
compression bonding method, various technologies including 
the substrate technology, semiconductor preprocessing 
method, bump formation technology, packaging technology, 
and packaging apparatus must be concurrently improved. We 
expect that a combination of these technologies makes the 
flip chip packaging method versatile and easy to use for 
any user. 



